Case series summary In October 2011, an abnormally large morbidity and mortality event was noted in the intensive care unit (ICU) of a veterinary school hospital in Nantes, France. Cats, and cats only, transferred from the emergency room presented with fever, ulcers on the tongue and cutaneous lesions around venepuncture or surgical incision sites, leading to suspicion of a feline calicivirus-associated virulent systemic disease confirmed with reverse transcriptase-polymerase chain reaction. A total of 14 cats were suspected. The clinical features and the origin of the contamination were described for each cat. The median length of incubation was 4.5 days. Fiftyseven percent of the cats were euthanased (8/14) and 21% died (3/14), with a combined mortality of 79% (11/14) -the highest ever reported. Median survival was 12 days. The recovery rate was 21% (3/14). Relevance and novel information Eight outbreaks have been reported, in veterinary clinics or in group-housed cats. The main unusual aspects of the present outbreak were: (1) the extreme flare-up of lesions at sites of skin breach, precluding any puncture/incision; (2) the suggested better survival rate at home than in hospital; and (3) the immediate control of the outbreak after recognition of the disease. Other striking but less unusual features of this outbreak were: (4) the increasing of the virulence of the calicivirus with the passage of time; and (5) the primary role that the caregivers' hands played in the spread of the outbreak.
Introduction
At the start of October 2011, a month after the beginning of classes, an abnormally large morbidity and mortality event was noted in the intensive care unit (ICU) of a veterinary school hospital. Cats, and cats only, transferred from the emergency room (ER) presented with fever and cutaneous lesions around venepuncture or surgical incision sites. These clinical signs were apparently unrelated to the cause of hospitalisation. At first, no common link was apparent between these cases. Ulcers on the tongue were observed, and attributed to a classical calicivirus. By Friday 7 October a nosocomial infection was suspected and a census of suspected cases was undertaken. On Sunday 9 October lingual ulcerations and very severe generalised signs in a cat that had spent 2 days in the ICU led to the hypothesis of a feline calicivirus-associated virulent systemic disease (FCV-VSD), a hypothesis that was subsequently confirmed.
That evening (9 October 2011) hospital personnel were alerted to the situation by email, and invited to attend an informational meeting the next morning, Monday 10 October. The decision was made to close the hospital to cats for 48 h; dogs were still admitted for appointments. The ER and ICU were closed to all patients, dogs included, for 5 days, to allow for disinfection of the premises and supplies. The hospital was closed to the staff of the laboratory catteries.
Hospitalised cats were transferred to a building located 500 m away from the hospital, outside of the school's enclosure, separated by a street; it accepted neither animals nor personnel from the hospital. This building was specifically designed to treat infectious diseases. A staffed telephone line in the ER was operated, to inform clients of the closure, and direct sick animals that had recently been in the hospital to the quarantine facility.
Owners of hospitalised cats were notified. All owners of cats that been in the ER or the ICU from 1 September 2011 onwards were contacted by telephone, to question them about their cat's health. The veterinarians of the region were notified by email.
Biosecurity measures were put in place in the hospital: bleach footbaths, mandatory booties, scrub caps and gloves, disinfection of the hands with an alcohol-based solution (even if gloves had been worn), use of disposable gloves and clothes, and so on. Surfaces and supplies were cleaned with an industrial detergent and disinfectant (Surfanios; Laboratoires ANIOS), then disinfected with bleach, then with fumigation (Nocolyse; Oxypharm). To allow for better cleaning, cages were disassembled. Consumables like anaesthesia tubing, pill guns and tourniquets were discarded. All rooms were sprayed down. These procedures were carried out throughout the entire small animal hospital, even though only three services received infected cats. The ER is located in a separate building located at the entrance to the veterinary school, 200 m away from the rest of the hospital; it receives practically no animals from the other services. The ICU is located at the end of the hospital building; animals from all the services are hospitalised there, but normally an animal hospitalised in the ICU does not return to the original service.
On Friday 7 October 2011, the charts of all the cats presented to the ER or hospitalised in the ICU since the beginning of classes on 1 September 2011 were re-examined. On Monday 10 October, 10 cats were suspected of being infected with a FCV-VSD; we later added 4 cats diagnosed after that date (Table 1) .
Cat 0 was an apartment cat that presented to the ER on Sunday 3 September with fever (hyperthermia, weakness, anorexia) and lingual ulcers. It was diagnosed with a classical calicivirus. On Monday 4 September an oesophagostomy tube was placed in the cat in the ICU. It left the hospital the morning of Sunday 10 September. Friday 16 September, a check-up established that the cat was progressing well. On September 23 the feeding tube was removed in the ICU, and the cat was healed. This cat did not exhibit signs of FCV-VSD but rather signs of unremarkable FCV infection. As the hospital was closed for the whole of August after a complete disinfection at the end of July, it is likely that this was the first case of calicivirus-induced disease introduced after the beginning of classes. The hospitalisation of this cat in the ICU preceded by 4 days and overlapped by 2 days that of cat 1, which arrived healthy and developed marked generalised signs that led to its death.
Cat 1 was in a road accident and presented with a fracture of the radius-ulna to the ER on Thursday 7 September, and was transferred to the ICU on Friday 8 September. Several wound debridements were carried out by the surgical service, and the fracture was reduced with a plate on Tuesday 13 September. It was hospitalised in the ICU until Wednesday 21 September. Its stay in the ICU overlapped that of cat 0 for 2 days, Friday 8 and Saturday 9 September. On Wednesday 14 September the cat presented with a fever, and on 19 September lingual ulcers and significant erythema at the surgical site were observed. The cat died on 21 September, 14 days after admission.
Cat 2 came in to the ER on Thursday 15 September for a 10 cm inguinal wound, after being impaled on a piece of bamboo. It was transferred to the ICU the next day, Friday 16 September. It left on Monday 19 September, having spent 4 days in the hospital at the same time as cat 1. Two days after leaving, on Wednesday 21 September, the cat presented again to the ER, with hyperthermia (40°C), lingual ulcers, diarrhoea and pleural effusion. It died on Wednesday 28 September, 13 days after admission.
Cat 3 was seen in the ER on Wednesday 21 September for a fractured tibia. It was never hospitalised in the ICU as it was immediately transferred to its own veterinary surgeon for treatment, but on the day it presented cat 2 was present in the ER. On Monday 26 September, in its own veterinary surgery, the cat presented with fever, lingual ulcers and facial oedema. It underwent debridements for 9 days, and was finally amputated on Saturday 1 October, because of significant erythema at the surgical site. It was very ill for the whole of October and received care at home. By the time of a follow-up appointment on Tuesday 8 November it was cured.
Cat 4, aged 16 years, was seen in the ER on Monday 26 September for anorexia secondary to dental disease. It was transferred to the ICU on Wednesday 28 September and underwent dental extractions in the surgery service. The cat spent 24 h in the ICU at the same time as cat 2, Wednesday 28 September. On Sunday 2 October it presented with fever, lingual ulcers and perineal ulcerations. The cat left the hospital on Friday 7 October, 11 days after admission; it did not relapse.
Cat 5 presented to the ER on Tuesday 27 September for forelimb paralysis following a road accident. Abandoned by its owner, this cat was looked after by the ER staff while waiting to put it up for adoption. It remained in the ER from Tuesday 27 September until the date of death. Beginning Friday 30 September, the cat presented with fever, a chin ulcer and tongue ulcers. It was euthanased on Monday 10 October, 13 days after admission. 
(Continued)
Cat 5 was the origin of the infection for seven or eight cats (cats 6, 7, 9, 10, 11, 12, 13, 14). By her own admission, the student who cared for cat 5 was under the impression that she had infected these cats in the course of caring for them. The origin of infection in cat 5 was difficult to establish. It never stayed in the ICU, where the only two infected cats were hospitalised (cats 2 and 4). No student from the ICU was on duty in the ER, or vice versa; the ER is located in a building separated from the rest of the hospital. The resistance of calicivirus in the environment in spite of regular cleaning and disinfection procedures might presumably account for infections by fomites. The student who cared for cat 5 also took care of cat 3, 6 days earlier. Cat 3 would reveal the disease it had thus contracted from this student during the 2 h the cat spent in the ER. The student was contaminated via parcipitation in the care of cat 2, which had returned that day to the ER after being infected in the ICU.
Cat 6 presented to and was operated on in the ER on Sunday 2 October for a ruptured bladder. It was transferred to the ICU on recovery. It may have been infected through the intermediary of cat 5 in the ER or cat 4 in the ICU. On 5 October the cat presented with fever, lingual ulcers, subcutaneous oedema and significant erythema at the surgical site and around its catheters. It was euthanased on Monday 10 October, 8 days after admission.
Cat 7 presented to the ER on Sunday 2 October after a fall from the fourth floor. It was transferred to its veterinary surgeon on Tuesday 4 October, after having spent 2 days near cat 5, where it underwent surgery. The cat returned to the ER on Sunday 9 October with fever, ptyalism, lingual ulcers, footpad ulcers and oedema of all four limbs. It was this cat that prompted us to consider the hypothesis of FCV-VSD. The cat was euthanased the next day, Monday 10 October. It was not the source of a secondary outbreak, presumably because its veterinary surgeon was informed, and took appropriate biosecurity measures.
Cat 8 presented to the internal medicine service on Monday 3 October for urolithiasis. This is the only cat in this event that was not seen in the ER. It was hospitalised in the ICU that day in preparation for surgery, which, in fact, it never received. It was infected through the intermediary of cat 4. On Thursday 6 October it presented with a fever and lingual ulcerations. The cat was euthanased on 10 October, 7 days after admission.
With the exception of cat 11, which broke with signs the day after admission, the following cases all showed clinical signs after Monday 10 October, the date of diagnosis; they were received directly into the quarantine area after a telephone interview established possible infection during a recent stay in the hospital.
Cat 9 arrived at the ER on Monday 3 October for ataxia. It stayed in the ER for 2 days, 3 and 4 October, at the same time as cat 5, and then went home. Nine days later, on Wednesday 12 October, in the course of our telephone call, the owner informed us that the cat was in poor condition. Upon its second admission that day, the cat was admitted to the quarantine facility, and presented with fever, lingual ulcers, sneezing, nasal discharge and oedema of the face and limbs. It was euthanased on Sunday 23 October, 20 days after its first admission. Cat 10 presented to the ER on Wednesday 5 October for dysorexia and exhaustion (no precise diagnosis was ever established). It was never hospitalised, but presented during the time when cat 5 was present. After 9 days, on Friday 14 October, it was admitted to the quarantine area for fever, lingual ulceration and icterus. The cat was euthanased on 27 October, 22 days after its first admission.
Reference Presenting complaint
Cat 11 presented to the ER on Wednesday 5 October for chronic renal failure. The following day it presented with fever, lingual ulcers and icterus; there is no doubt as to the diagnosis, as reverse transcriptase PCR (RT-PCR) of a blood sample was positive. It was euthanased on 10 October, 5 days after admission. Again, cat 5 was the source of the infection.
Cat 12 presented to the ER on Wednesday 5 October after a fall of several stories. It left the next day, Thursday 6 October, having been infected by cat 5. It returned on Thursday 13 October in very poor health. It presented with fever, lingual ulcers, ulcers on the face and limbs (Figure 1) , oedema of the face and limbs, nasal discharge, sneezing, epistaxis and vomiting. It was euthanased on Wednesday 19 October, 14 days after its first admission.
Cat 13 presented to the ER Saturday 8 October for bacterial cystitis, and was never hospitalised. It was infected during a blood draw in the ER, which took place in the radiography suite; the student who was caring for cat 5 provided restraint. It presented again on Monday 10 October for fever, lingual ulcers, haematuria and vomiting. It died on Tuesday 18 October, 10 days after its first admission.
Cat 14 belonged to a student who was working in the ICU. On Saturday 8 October the cat's owner brought the cat in for anorexia of several days' duration. After a blood draw and radiograph in the ER, where cat 5 was present, cat 14 spent 3 h in the ICU in a cage in which cat 8 had been housed. On Wednesday 12 October cat 14 presented with fever and ulceration of the tongue, face and limbs. Its owner cared for him at home; the cat was healed by Saturday 22 October, 16 days after admission. Cats 2, 3, 13 and 14 had received one or more vaccines (protocols unknown); cats 0, 4, 5, 8, 9, 10 and 11 had not; vaccine status was unknown for cats 1, 6, 7 and 12.
With a single exception (cat 14), none of the infected cats was housed in a cage previously occupied by an infected cat. A meticulous investigation established that: (1) every cat was infected when a previously infected cat was present in the same area (with the exception of cat 5); and (2) every newly infected cat was cared for by a veterinary student who was also caring for an infected cat (without exception). This investigation was not able to resolve arguments in favour of an environmental contamination, even if this is suspected for cat 5. The transmission scheme is presented in Figure 2 .
After the day on which biosecurity measures were established, Monday 10 October, there were no further infections.
RT-PCR confirmation from blood (not oropharyngeal swabs) was obtained for 10/14 cats (cats 3, 4, 5, 7, 8, 9, 10, 11, 12, 13). The blood samples were collected on Monday 10 October for hospitalised cats (cats 5, 6, 7, 8) , and the day of their second admission for cats 9, 10 and 11. Analysis was performed on stored refrigerated samples for cats that had left the hospital prior to the assay (cats 3 and 4). The RT-PCR for cat 6 was invalid, but the autopsy and the context were also unequivocal, with subicterus, subcutaneous oedema, pulmonary oedema, hepatitis and a fibrino-necrotic cystitis, while the presenting complaint was traumatic rupture of the bladder. No samples were saved for the first patients (cats 0, 1, 2), while cat 14, which belonged to the student, was not screened; however, for these four cases the context and clinical signs were unequivocal. An autopsy was performed on five cats (cats 6, 8, 9, 11, 12); in each case it revealed multi-organ necrotic and inflammatory lesions and oedema.
At the time of diagnosis, Monday 10 October, the suspected source of the infection was healed (cat 0), two cats had died (cats 1, 2) and two cats were recovering at home (cats 3, 4). That day, 12 cats were hospitalised in the ICU. The five cats that were strongly suspected of FCV-VSD were euthanased that day (cats 5, 6, 7, 8, 11) ; four infections were confirmed by RT-PCR performed on blood, and infection in cat 6 was confirmed by necropsy. Six more hospitalised cats were transferred to the quarantine building; all had negative RT-PCRs and were returned to their owners. Cat 14 was treated at home by its owner, a veterinary student, and survived.
Four cats (cats 9, 10, 12, 13) that had stayed in the hospital presented directly to the quarantine area after 10 October; all were confirmed by RT-PCR performed on blood. Each cat was assigned two pairs of students. These students did not own cats, were relieved of all other duties and were forbidden access to the rest of the veterinary school. Strict biosecurity procedures were established in the quarantine building. With no specific treatment, care primarily consisted of hygiene of the mouth and skin and nutritional support. The pain associated with the lesions observed responds poorly to opioids, and as the latter caused nausea and loss of appetite, they were not used. It was quickly noted that any invasive procedure such as a blood draw or catheter placement caused a flare-up of lesions at the site involved. Blood draws were discontinued, and catheters withdrawn. Naso-oesophageal tubes were placed, as all the cats were anorexic, and oral intake of water, food or medication was impossible given the oral lesions. Each tube was associated with a purulent rhinitis. Liquid antibiotics were administered through the feeding tubes in the four cases. No sign of improvement was ever seen. All of the cats died despite attentive care (washing and cleaning ulcerations, feeding by hand and by nasooesophageal tube, topical analgesia through application of oral anaesthetic dressings, grooming, and so on).
The last death occurred on Thursday 27 October, 43 days (around 8 weeks) after the first signs of systemic disease in the first cat (cat 2).The cost of care and diagnosis for all the animals was born by the hospital.
Including closing the hospital, labour costs, disinfection products and medical materials used, the cost of this outbreak is estimated at 50,000 euros. Damage to the hospital's reputation was limited by great transparency with owners and referring veterinarians, by the scope of our response to the outbreak, and by the fact that all of our response was free of charge to our clients and referring veterinarians.
Discussion
FCV is an RNA virus common in the cat, which causes a relatively mild range of upper respiratory signs in which ulcers of the end of the tongue figure prominently. 1,2 The virus is highly mutable and can give rise to a hypervirulent systemic form of the disease -so-called FCV-VSD. 1, 2 The first description of a FCV-VSD is attributed to Pedersen et al, who in 2000 published an account of an epidemic that occurred in 1998 in California, affecting 11 cats. 3, 4 Previously, isolated cases of systemic calicivirus infections had been reported. [5] [6] [7] Seven outbreaks have since been reported, in veterinary clinics (two in the USA, one in France and one in Germany), 8, [10] [11] [12] or in group-housed cats (one in the USA, one in England and one in Germany) 9, 12, 13 (Table 2) . FCV-VSD has been observed in isolated cats, in a cat infected experimentally with the normal strain and in captive exotic felids. [14] [15] [16] [17] [18] [19] The disease has appeared in isolated, independent epizootics. The strains involved were genetically distinct from each other. 11, 17, 18, [20] [21] [22] [23] [24] [25] In our outbreak, we propose the hypothesis that cat 0, infected with a classical calicivirus, infected cat 1, which developed a lethal hypervirulent form. The calicivirus would have mutated in our ICU or in cat 1.
As has been observed in previous outbreaks, vaccinated animals may be affected by FCV-VSD. As feline calicivirus has a high mutation rate, vaccine protection depends upon the adequacy between the infecting strain (regardless of whether or not it is hypervirulent) and the vaccine strain(s) administered. Work is underway to improve vaccine protection. 4, 22, [25] [26] [27] The median length of incubation was 4.5 days (range 1-9) (Table 1) , similar to that found in other outbreaks. Clinical signs most frequently observed were fever (100%) (hyperthermia, anorexia, weakness), lingual ulcers (100%), ulcers and/or oedema of the face (4/14; 29%), ulcers and/or oedema of the limbs (4/14; 29%), significant erythema at surgical or venepuncture sites (3/14; 21%), icterus (2/14; 14%) and death (11/14; 79%). Fever and lingual ulceration were present in all cases. In a cat presenting with lingual ulcers, a hypervirulent strain of calicivirus should be suspected in the presence of cutaneous effects (oedema or ulcers) on the face or limbs or the site of incisions or venepuncture, or in the presence of icterus, or in cases of mortality.
Twenty-five days passed between the first observation of systemic symptoms in cat 1 on Wednesday 14 September and the first suspicion of FCV-VSD put forward on Sunday 9 October (cat 7).
FCV is such a ubiquitous virus that full demonstration of the epizootic would have required virus gene sequencing establishing that the same strain of FCV infected several of the cats. 9 Despite the lack of this data, positive RT-PCRs performed on blood samples (not on oropharyngeal swabs) demonstrated the presence of calicivirus in the blood. Given the fact that viraemia occurs during FCV infection, even when it causes classical signs, the RT-PCR must be interpreted in the light of epidemiological and clinical data. In the present context, the systemic nature of the infection is doubtless from cat 1.
In this outbreak, the virulence of the calicivirus seems to have increased with the passage of time. The more the outbreak progressed, the more numerous and spectacular the signs became, and the more grave the outcome (Table  1) . Icterus was only observed beginning with cats 10 and 11. Of the three survivors (cats 3, 4, 14) , two were among the first four patients. Of the three survivors, two were cats which were cared for in their owners' homes (cats 3 and 14). Only cat 4 survived in the ICU. This is an illness that is care-dependent: lesions flared at surgical incisions and catheter or venepuncture sites, so much so that any break in the skin was precluded and catheters were removed. No oesophagostomy tubes were placed, in order to avoid cutaneous eruptions. Fifty-seven percent of the cats were euthanased (8/14) and 21% died (3/14) , giving a combined mortality rate of 79% (11/14) , the highest ever reported (Table 2) . Median survival was 12 days. The recovery rate was 21% (3/14); recovered cats did not relapse. Global mortality rate is, to some extent, dependent on the criteria that led to a decision perform euthanasia. Except for cat 8, whose lesions were only moderate, the serious lesions observed clinically and on autopsy, and the failure of treatment of cats 9, 10, 12 and 13, strengthened the decisions for euthanasia and made us It is probable that among group-housed cats direct transmission from cat to cat by the nasal route predominates, but in a hospital setting, in which there is no direct contact between cats, indirect infection is most plausible. In this outbreak, the investigation led to the conclusion that all infections took place at the hands of the veterinary students who cared for the cats: every newly infected cat was cared for by a student who was caring for a sick cat at the same time. Viral contamination of caretakers' hands and clothes may occur not only during care with contact with the oral mucosa of an infected cat, but also during simple handling of an affected cat, especially when cutaneous lesions are present.
Cats may be infected with calicivirus by the nasal, oral or conjunctival route; 1 the students examine the mucous membranes of the animals at least twice daily, by raising the lips and eyelids of the cats. When a veterinarian examines the oral or conjunctival mucosa, or gives an oral medication to an infected cat, the next cat will be infected if the veterinarian does not disinfect his or her hands. The procedures that are taught and posted require washing of the hands between patients, drying the hands and disinfecting the hands with a hydroalcohol solution, 28 but these protocols are not always followed. Moreover, FCV is quite resistant in the environment and not sensitive to the antiviral effects of all disinfectants, including hand sanitisers. 29 As antimicrobial soaps or alcohol-based hand rubs may not be sufficient, 29 the use of disposable gloves is necessary to prevent transmission. A student contaminated her hands while handling cat 2 and probably infected cats 3, 5, 6, 7, 9, 10, 11, 12 and 13, and perhaps 14. She alone may have been the source of 9-10 (64-70%) of the 14 infections. However, cat 14 may have been infected at home by its owner, a student who worked in the ICU; this has been observed previously. 11 For cat 13, infected during a blood draw in the radiography suite, and for cat 14, there does not seem to have been any contact with the oral mucosa. The delay of 6 days between the presence of cat 2 in the ICU and the infection of cat 5 is surprising. The possibility that the student concerned never used an effective disinfectant on her hands during these 6 days must be considered. It is not excluded that a fomite like a thermometer, a pill gun, a cage or an examination table could have served as the source, despite the fact that they are disinfected after every use and that no other animal has been infected. For the environment, commercial sodium hypochlorite is the optimal disinfectant. 30 
Conclusions
This outbreak of FCV-VSD had all the characteristics of a nosocomial infection: it was propagated in a hospital setting, in highly active services, in weakened animals, during treatment, by caretaking staff, because of a break in hygiene that could easily have been prevented. The main unusual aspects of the present outbreak were: (1) the extreme flare-up of lesions at sites of skin breach, precluding any puncture/incision; (2) the suggested better survival rate at home than in hospital; and (3) the immediate control of the outbreak after recognition of the disease. Other striking but less unusual features of this outbreak were: (4) the increasing of the virulence of the calicivirus with the passage of time; and (5) the primary role that the caregivers' hands played in the spread of the outbreak. The suspicion of a FCV-VSD was quite delayed. The outbreak was easily halted as soon as it was identified. Faster recognition of the disease is key to preventing or improving management of such potentially devastating outbreaks.
